A case of "Mirror" duplication of chromosome 21 with complete phenotype of Down syndrome
weight of 3,132 g (mean) and length of 49.0 cm (mean). Pregnancy and delivery were uneventful.
She had hyperbilirubinemia at the age of 3 days, and was given phototherapy for 3 days. Because of heart murmur and her facial expression suggestive of DS, she was referred to our hospital at the age of 5 days.
Since she fulfilled more than 13 of 25 items in Jackson's checklist (Table 1) , 5 Fig.2 ). FISH analysis clearly revealed that the breakpoint of inverted duplication of the psu idic (21) chromosome was mapped between RP11-867D1 and RP11-323F14. And duplicated and deleted regions were 44.4-Mb and 2.1-Mb in extent, respectively.
Discussion
Patients with "mirror" duplication of the chromosome 21 have been infrequently reported. Either a reciprocal translocation or an exchange between the arms of the chromosome or sister chromatids has been postulated to cause such "mirror" duplication. 2 Unfortunately, chromosome breakpoints were determined in detailed in only a few cases among them. Pangalos et al. 2 reported three patients with "mirror" duplication who had the breakpoints at 21q22.3, as in our patient. However, more detailed analysis revealed that chromosome breakpoints were variable among those including our patient ( Based on analysis of genotype-phenotype correlation of our case, the region from RP11-323F14 to RP11-135B17 does not appear to play an important role for the phenotype of DS. Monosomy in our patient involved three genes, ITGB2 (CD18), COL6A1, and COL6A2 (Fig.2) . Leukocyte adhesion deficiency and Bethlem myopathy are caused by the mutations of ITGB2 gene and COL6A1/COL6A2 gene, respectively; 7,8 however, both gene products, working as a hetero-dimer, would not take any influence of monosomic state on the protein structures. Therefore, it is no wonder that our patient lacks any symptom suggestive of infectious susceptibility or myopathy.
Likewise, our patient lacked any other phenotypic feature suggestive of monosomy 21q22.3, such as large ears, high nasal bridge, or retromicrognathia that were described in other reports. 10 As discussed above, "mirror" duplication of chromosome 21 can provide us an opportunity to precisely determine phenotype-genotype correlation. Further accumulation of those cases and detailed cytogenetic and molecular analyses are 
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